Objectives: Information on antimicrobial susceptibility of bacterial pathogens is scarce in resourcepoor settings. We determined the susceptibility of bacterial enteric pathogens and faecal Escherichia coli isolates obtained from children in urban Tamale, Northern Ghana, to antibiotics widely used in the that area [ampicillin or amoxicillin, trimethoprim/sulfamethoxazole (SXT) and chloramphenicol] and to alternative drugs.
Introduction
Increasing antimicrobial resistance of enteric commensals and pathogens constitutes a serious problem in both industrialized and developing countries (reviewed by Okeke et al. 1 ). After we had observed high morbidity and mortality rates due to diarrhoea in a previous study on malaria in children in Tamale, Northern Ghana, we investigated the prevalence of bacterial, viral and parasitic agents of paediatric diarrhoea in this area. 2 One additional aim of that study was to collect bacterial pathogens and perform susceptibility testing of those isolates because there is no information on the susceptibility of enteric pathogens-or other bacteria-to the antibiotics most widely used in Northern Ghana. Data acquired in cities more developed than Tamale, such as Accra (the capital), cannot be considered representative for Northern Ghana.
In the preceding study, rotavirus was found to be the main causative agent of acute childhood diarrhoea and only a few enteropathogenic bacteria were isolated. 2 To acquire more representative data on the prevalence of antimicrobial resistance of enteric bacteria in Northern Ghana, we isolated Escherichia coli, the main Gram-negative facultative anaerobic species of the colonic flora, as an indicator organism from stool samples. E. coli accounts for a large number of severe infections in neonates and children, e.g. diarrhoea, meningitis, urinary tract infections and sepsis, and has recently been shown to be a major source of community-acquired bacteraemia in infants in rural Kenya.
3 E. coli has been used before as source of information on antibiotic resistance of enteric bacteria in surveillance studies. 4 Moreover, E. coli constitutes a reservoir of genetic material from which other bacteria can readily acquire genes of antimicrobial resistance.
Materials and methods

Collection of stool samples
The study was conducted between November 2005 and January 2006 in Tamale, the capital of the Northern Region of Ghana. Despite a population of $350 000, the city has a rather rural character with hamlets and thatched, mud-wall huts scattered over a vast area. Antibiotics are available from numerous licensed and nonlicensed sources. At the peri-urban Bulpeila Health Centre, healthcare workers collected faecal specimens from 243 children with acute diarrhoea and from 124 population control children from the same area without acute diarrhoea. The mean age of the children was 13 months (0-11 years); further details of the study population have been published elsewhere. 2 The study protocol was approved by the Ethics Committee, University for Development Studies, Tamale, and informed written consent was obtained from the children's guardians.
Bacterial cultures
Stool specimens were processed immediately. Standard agar plates and enrichment media (MacConkey, xylose lysine deoxycholate and thiosulphate citrate bile sucrose agars, selenite broth and peptone water; all Oxoid, Wesel, Germany) were used to detect Salmonella, Shigella and Vibrio species. In addition, selective media (cefsulodin irgasan novobiocin, Ryan and Karmali agars; all Oxoid) were inoculated for the detection of Yersinia, Aeromonas and Campylobacter species. Suspicious bacterial colonies were further isolated and differentiated using routine techniques (e.g. oxidase and motility for Campylobacter spp., agglutination for Salmonella, Shigella and Vibrio) or the API 20E system (bioMérieux, Nürtingen, Germany). All differentiated and all suspicious isolates as well as all Enterobacteriaceae grown were stored at 2208C using a cryobank system (Mast Diagnostica, Germany). Cryobanks were shipped on dry ice to Berlin, Germany, for further analyses. There, cryobanks containing Enterobacteriaceae from children between 0 and 4 years of age were spread on routine agar plates for detection and differentiation of enteric pathogens and E. coli isolates. The latter were identified as lactose-and indole-positive and confirmed using the API 10 S system (bioMérieux). To determine the susceptibility to chloramphenicol, agar diffusion tests were carried out on Mueller -Hinton agar (Oxoid) using a bacterial inoculum equivalent to a 0.5 MacFarland standard and discs containing 30 mg chloramphenicol (Oxoid). Isolates yielding zone sizes of !18 and 12 mm were considered susceptible and resistant, respectively.
Susceptibility testing
As quality controls, two defined E. coli strains (ATCC 25922 and 35218) were included in the testing procedures throughout the study.
Statistics
Data on resistant isolates from patients and controls were analysed using the x 2 and Fisher's exact tests.
Results and discussion
From children with diarrhoea, we isolated two isolates each of Campylobacter jejuni, Salmonella enterica Group 2, S. enterica serovar Typhimurium, Shigella boydii and S. flexneri as well as one isolate each of S. enterica serovar Colindale and S. enterica serovar Typhi. One isolate of Campylobacter coli and S. boydii each was isolated from control subjects. Yersinia, Aeromonas or Vibrio species were not detected. Susceptibility testing of the six Salmonella and five Shigella isolates was performed in Tamale by disc diffusion and confirmed and extended in Germany using the breakpoint microdilution method. The results revealed substantial antimicrobial resistance of the shigellae, particularly to the drugs most frequently used in Northern Ghana, i.e. amoxicillin/ ampicillin, trimethoprim/sulfamethoxazole and chloramphenicol. In contrast, the salmonellae were more susceptible, and only one S. Typhimurium isolate displayed a similar resistance pattern as the shigellae (Table 1) . Although the number of isolates tested was small, the data indicate that trimethoprim/sulfamethoxazole and chloramphenicol are most likely not effective anymore in the treatment of childhood shigellosis in Northern Ghana. Similarly, high proportions of multidrug-resistant Shigella isolates in children and adults have been reported from the Accra region of Ghana. 5 Studies with more isolates are warranted for Northern Ghana, including Salmonella Typhi isolates, which have been found to be equally multidrug-resistant in Accra. 6 Susceptibility testing of E. coli isolates revealed high resistance to the locally used antibiotics (Table 2) , comparable to the closely related shigellae, which underlines the usefulness of E. coli as a surveillance tool. Although we cannot exclude that some E. coli isolates from patients belonged to diarrhoeagenic strains, the majority may represent normal stool flora since bacteria isolated from control children were also highly resistant to the same antibiotics. Moreover, both diarrhoeagenic and commensal, resistant E. coli may constitute a potential reservoir for resistance genes that can be transmitted horizontally to other bacteria including pathogens. The high proportions of resistant bacteria (and particularly the resistance of these to tetracycline, which is generally not used in children) in samples from children ,1 year indicate the acquisition of resistant bacteria by the children rather than resistance induced through antimicrobial treatment. This is supported by a recent population-based study, which suggests that children acquire resistant E. coli isolates from household contacts. 7 Resistance to b-lactam antibiotics or chloramphenicol was observed more frequently among isolates obtained from infants when compared with older children. Although this association was statistically significant only for control children, this group may be more representative for the overall harbouring of resistant enteric bacteria by children in Northern Ghana because their faecal flora was not disturbed by acute diarrhoea. This tended to be reverse for the resistance to aminoglycosides; however, here we detected only small percentages of resistant isolates in either group, and larger studies may yield more accurate results. These data suggest that infants may acquire the commensal enteric flora from their parents who have likely been more exposed to antibiotics than older children. Notably, a high prevalence of resistant E. coli has been shown for adults from other parts of Ghana, i.e. Accra and the Brong Ahafo region in West Ghana. 8, 9 With increasing age, the children may lose some of the resistant isolates transmitted originally. Moreover, the prevalence of resistance was significantly higher among E. coli isolates from patients than in strains obtained from controls, which may suggest unknown demographic differences between these two groups.
Our data also indicate that the commonly used drugs cannot be considered any longer as first-line treatment for E. coli infections in children. Reassuringly, we did not find isolates producing extended-spectrum b-lactamases, which have recently been reported for Cameroon. 10 Although around one-third of the isolates were resistant to the second-generation cephalosporin cefuroxime axetil (used for oral therapy), none of the isolates showed resistance (MIC ! 8 mg/L) to the second-generation cephalosporin cefotiam (for systemic application) or the thirdgeneration cephalosporins tested (cefotaxime, MIC ! 8 mg/L; ceftriaxone, MIC ! 16 mg/L; ceftazidime, MIC ! 16 mg/L; cefixime, MIC ! 2 mg/L). Similarly, all isolates were susceptible to fosfomycin (MIC ! 64 mg/L). Therefore, these drugs could be introduced in Northern Ghana. Moreover, quinolones could be used in adults since the prevalence of antimicrobial resistance of enteric bacteria in this population may be similar to that found in children.
In conclusion, the antibiotics used most widely in Northern Ghana are not appropriate for the treatment of infections caused by E. coli or Shigella and new effective drugs need to be introduced. The data underline the importance of regular antimicrobial testing in resource-poor settings. Consequently, laboratory infrastructure and protocols for the surveillance of antimicrobial resistance must be established and sustained.
